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Introduction
Patients with acute abdomen are commonly encountered in departments of emergency medicine around the world. The examination process of these patients includes a plain abdominal X-ray in the majority of cases, as it is an easy, low-cost, non-invasive and efficient method of searching for intraabdominal pathology, mainly pneumoperitoneum. Emergency physicians are often the first to recognize pneumoperitoneum in the patient. Therefore, they should be aware of the possible causes of non-surgical pneumoperitoneum and should play the decisive role in preventing needless laparotomy in these patients. The term pneumoperitoneum is used to describe an abnormal collection of air within the peritoneal cavity. It is most commonly considered a radiological term. Abdominal X-ray has been included in diagnosing abdominal pathology since the early 1900's. (1) Nowadays abdominal X-ray should be included as a routine examination in investigating the acute abdomen. (2) Abdominal X-ray is an easy and efficient method in detecting free air in the abdominal cavity. The direction of the X-ray must be horizontal. If the patient is not capable of standing, positioning the patient on the left flank is sufficient in most cases. The best results are obtained if the patient stands upright 10 minutes prior to the examination. Pneumoperitoneum is visible on abdominal X-ray in 85% of cases with a rupture of a hollow organ. In case of suspicion for perforation and no pneumoperitoneum being visible on abdominal X-ray, a computed tomography (CT) scan should be more helpful. CT scans reveal pneumoperitoneum in up to 95% of cases with a ruptured hollow organ. CT is clearly superior to upright plain abdominal X-ray. (3) Generally, prompt surgical intervention is warranted in these cases in order to reduce enteric contamination within the peritoneal cavity with subsequent peritonitis and to prevent its consequences, e.g. intra-abdominal abscesses, sepsis with multi-organ failure, etc. with possibly lethal consequences. (4) However, not all cases of pneumoperitoneum are caused by viscus perforation. The term "non-surgical" or "spontaneous" or "misleading" pneumoperitoneum is very well known since the first description of pneumoperitoneum on abdominal X-ray. (5) Even nowadays, not all physicians are aware of this enti-ty, and often unnecessary laparotomy is performed which elicits no abnormalities and no viscus perforation is found. (6) An electronic search of Medline and Pubmed was undertaken; the terms "non-surgical pneumoperitoneum", "spontaneous pneumoperitoneum", and "misleading pneumoperitoneum" were used. Manual cross-referencing was also performed to find further relevant articles. With non-surgical pneumoperitoneum being a relatively rare entity, current knowledge of it is based only on case reports, small case-series and a few reviews. No paper has systematically addressed the question of how to distinguish between surgical and non-surgical pneumoperitoneum.
The aim of this work is to summarize causes of non-surgical pneumoperitoneum based on literature review and our own experience. Furthermore the main goal of this study is to propose a decision-making algorithm that can help to distinguish between surgical and nonsurgical cases of pneumoperitoneum. Figure 1 . An 83-year-old female treated for non-resectable pancreatic head carcinoma. A duodenal stent was inserted due to duodenal stenosis. The third day after the procedure pneumoperitoneum was found incidentally. The patient was in good clinical condition. No laparotomy was performed and the patient was discharged home. A 78-year-old male treated for septic shock in an intensive care unit. The aetiology was probably meningoencephalitis. The patient had multiorgan failure and artificial ventilation with PEEP (positive end-expiratory pressure). Massive pneumoperitoneum was found incidentally on a CT scan. Clinically, the abdomen was tender. We decided not to perform a laparotomy. The condition of the patient gradually improved and the pneumoperitoneum resolved. Figure 3 . A 63-year-old male with incidentally found pneumoperitoneum on a chest X-ray taken the 4 th day after bullectomy and left sided pleurectomy. Clinical condition was stable and the patient did not complain of abdominal pain, thus laparotomy was not considered and the patient was discharged home in good condition.
Illustrative cases

Definition and aetiology
Spontaneous pneumoperitoneum or non-surgical pneumoperitoneum or misleading pneumoperitoneum is defined as the finding of free air in the peritoneal cavity on radiological examinations which is not caused by viscus perforation and surgical intervention is not mandatory; and when laparotomy is performed, no perforation is found. (7, 8) It is often an incidental finding on chest X-ray, which is performed for other reasons, e.g. suspicion for pneumonia, suspicion for pneumothorax, or other intra-thoracic abnormalities. However, even non-surgical pneumoperitoneum can be symptomatic. Patients often arrive at the emergency room with abdominal pain or other symptoms. The emergency physician must be aware of the most common causes of non-surgical pneumoperitoneum; they are mentioned in table 1. A/ Thoracic causes Intrathoracic causes of spontaneous pneumoperitoneum are the most frequently reported. Positive pressure ventilation may lead to the introduction of air into the abdominal cavity by direct passage through microscopic diaphragmatic defects or through the media- laparoscopic approach, the currently preferred gas used for insufflation is carbon dioxide, which is much more rapidly absorbed than room air entering the peritoneal cavity in laparotomy, and thus the pneumoperitoneum after laparoscopic procedures is smaller and of shorter duration. (14, 15) (45, 46) Occasionally in some cases, the underlying aetiology of the non-surgical pneumoperitoneum is never found and the condition is described as idiopathic. (47, 48) How to distinguish surgical and non-surgical pneumoperitoneum
Even nowadays many physicians are not aware of the possibility that nonsurgical pneumoperitoneum could exist, even though it has been described repeatedly in the world literature. (5) (6) (7) (8) (10) (11) (12) (13) (14) 17, (19) (20) (21) (22) (23) (26) (27) (28) (29) (30) (31) (32) (33) (34) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) It is mainly due to the lack of knowledge of the attending physicians which leads to unnecessary laparotomy with possible morbidity. (6) When we acknowledge the possibility of non-surgical pneumoperitoneum, the primary goal is to discern surgical from non-surgical pneumoperitoneum. Identifying cases in which laparotomy can be avoided is important to prevent unnecessary surgery and its associated morbidity and financial costs. (49) On the other hand, most of the cases of pneumoperitoneum are caused by viscus perforation, most frequently perforation of a gastroduodenal ulcer which leads rapidly to peritonitis and sepsis. Failure to recognize this condition can cause multi-organ failure and death of the patient. Thus in cases of viscus perforation, rapid surgical intervention is mandatory. Distinguishing between surgical and non-surgical pneumoperitoneum is a difficult task for any physician meeting this condition ( figure 4 ). The following guidelines should be adhered to: 1/ Non-surgical pneumoperitoneum is often an incidental finding on chest X-ray performed for other reasons. Thus, incidentally found pneumoperitoneum should not routinely lead to laparotomy. A large amount of intra-peritoneal gas is typical for non-surgical causes of pneumoperitoneum. In cases of viscus perforation, enteric contamination of the peritoneal cavity develops rapidly, therefore only a small amount of air escapes the hollow organ before the patient is thoroughly examined. In cases of nonsurgical pneumoperitoneum, no signs of peritonitis or sepsis are present, therefore more air enters the peritoneal cavity. 
Conclusion
In conclusion, non-surgical pneumoperitoneum is an uncommon but wellknown and repeatedly described entity. There are numerous causes of nonsurgical pneumoperitoneum apart from hollow viscus perforation. Performing exploratory laparotomy is unnecessary in cases of non-surgical pneumoperitoneum. Also, laparoscopy is an invasive procedure with possible complications and is needless in such cases. The algorithm we propose could be helpful when deciding between surgical and non-surgical causes of pneumoperitoneum.
